Knowledge-intensive firms create innovative solutions for the market by integrating the knowledge of their individuals. This integration is achieved within and between epistemic communities that are the locus of specialised expertise. The objective of this paper is to provide a useful framework for understanding the structure and functioning of these communities (organization, communication and cognition), and to suggest some criteria for evaluating the comparative effectiveness and efficiency of combinations of management mechanisms (direct interaction, coordination and codification) in the regulation of the knowledge integration processes.
expertise are used to solve complex and often varied problems in order to offer a differentiated range of solutions to customers (Ekstedt, 1989) . This means that knowledge is idiosyncratic and personal, and expertise is exceptional in terms of its contribution to the acquisition of a competitive advantage. "One should not label a firm as knowledge-intensive unless exceptional and valuable expertise dominates commonplace knowledge" (Starbuck, 1992: p. 716) . Knowledge is primarily related to individuals and organization rather than to machines and material technologies. Individuals are the primary bearers of knowledge, even if this knowledge may be partially institutionalised and localised at the organisational level in the form of collective frames of reference, systematised methods of work, sophisticated routines and processes to manage their knowledge, etc. (Starbuck, 1992; Alvesson, 1995) . Knowledge-intensive firms "have only the expertise of their staff as assets with which to trade" and they deploy their "assets in a distinctive way, for they sell a capacity to produce, rather than a product" (Winch & Schneider, 1993: p. 923 ). Thus, in knowledgeintensive firms the capital consists predominantly of human capital, the critical elements are in the minds of individuals, in networks and customer relationships, there are heavy demands on the knowledge of those who work in them and the firms sell or deal in unique services, or possibly goods in combination with services (Ekstedt, 1989: p. 7) . Knowledge-intensive firms are firms that process what they know into knowledge products and services for their customers. They are less capital-intensive than firms in the manufacturing industries and more learning-intensive than other service industries (Nurmi, 1998) .
Unfortunately these definitions are too general and do not help to grasp the specifics of knowledge-intensive firms, in a way that it is difficult to apply these definitions in practice to recognise knowledge-intensive firms and distinguish them from the other categories of firm.
In addition, knowledge-intensive firms have been associated to very different businesses. Winch & Schneider (1993) classify knowledge-intensive firms with reference to different criteria: distinctive competence, labour market and regulatory context, which are expression also of the various businesses. 1 The distinctive competence refers to the specific content of the service provided on the market. Some knowledge-intensive firms perform an essentially transactional role because they act as third parties to transactions between the two principal parties. The distinctive competence is, in this case, probity. For example, lawyers, accountants and quantity surveyors operate for their clients in order to guarantee fair dealing. The firms gain a competitive advantage on the market if they can ensure independence and be trusted as disinterested professionals in a way that it is impossible for the practitioners internal to the principal parties. Some other knowledge-intensive firms base their distinctive competence around creativity. Here the firm aims to provide creative and innovative solutions to the customers' needs. For example, architects, advertising agencies, management consulting firms and media production companies are known on the market for their creative reputation. Firms may turn to these creative organisations because they have not the necessary level of flexibility to provide new solutions or because these latter are not on steady demand. Finally, some knowledge-intensive firms compete on the market with their specific technology in that they are able to provide solutions to their clients' technical problems. Consulting engineers and bespoke software houses belong to this category. These firms succeed on the market if they can sustain a critical mass of expertise to deal with an intermittent demand.
A second dimension to distinguish knowledge-intensive firms is the regulatory context, which is linked to the extent to which the firms can work internationally or in a national context. The former operate in different countries, are more numerous and include, for example, advertising and accountancy. The latter are constrained to operate nationally due to cultural differences or different national regulatory systems. Law firms and architectural firms tend to belong to this category.
A third dimension to identify different categories of knowledge-intensive firms is the labour market. Some knowledge-intensive firms operate on highly structured 1 Please note that in the article by Winch & Schneider (1993) knowledge-intensive firms are labour markets in which the access is regulated and controlled by professional associations, whereas some others on markets in which entry to the profession is relatively open. It is important to distinguish between these two categories of knowledge-intensive firms because professional firms have four other properties apart from expertise: an ethical code, cohesion, collegial enforcement of standards, and autonomy (Schriesheim et al., 1977) . The ethical code defines the standards of professionals' behaviour, which should be observed according to principles of impartiality and autonomy. Cohesion is the basis of a strong identity that professionals have while thinking of belonging to the same community.
Collegial enforcement of standards derives from the strong conviction that only members of the profession have the required competencies and ethical behaviours necessary to control professionals' activities. Autonomy is the result of refusing to undergo external control, power or influence by those who do not belong to the profession ( Raelin, 1985) . Finally, the last relevant difference between professional firms and the other kinds of knowledge-intensive firms is that while in the former professionals report to their professions, in the latter, workers' expertise is evaluated by clients, or supervisors that define ethical codes and performance standards.
As is probably clear from the preceding paragraphs, the concept of knowledgeintensive firm has been defined in different ways in the literature, refers to completely different businesses and seems to be a diffuse and all embracing concept, in a way that it is not self-evident that organization theory and management need this new category. The arbitrariness on where to cut off between knowledge-intensive firms and non-knowledge-intensive firms means that this category can easily create biases when discussed, and motivate an extra dose of scepticism when accounting for it (Alvesson, 1993) . In addition, all organizations are becoming more knowledge-intensive. The shifting expectations of markets requires that all organizations will increasingly rely on generating new knowledge as a means for gaining and maintaining a competitive advantage, even if it is easiest to see greater importance of knowledge in those firms mainly involved in innovative and creative activities (Boland & Tenkasi, 1995) . Yet, called knowledge-based organizations. Yet, this does not change the substance of the arguments.
recognising that in the literature there are great variations between what is referred to as knowledge-intensive firms does not mean in any way that this concept is not useful, is misleading and should be abandoned. On the contrary, it is our contention here that knowledge-intensive firms may be an effective theoretical category with which to operate if one considers the claims to knowledge rather than knowledge itself (Alvesson, 1993) . It is useful because it draws attention to a loosely defined group of firms in which, culturally, the individuals and the organisation possess awareness of the importance of generating and managing knowledge, and are acting accordingly to find effective solutions to this end. This awareness is certainly stronger in some firms, usually recognised (both practically and theoretically) as knowledge-intensive firms, but is gradually increasing in any organization. Knowledge-intensive firms help to analyse the specific management and organisational problems of knowledge that also many other firms are dealing with (even if with less awareness and explicit effort).
To conclude, knowledge-intensive firms is an irrelevant concept when taken per se as a way to distinguish between different types of firms, but remains a relevant category when used to attract attention and find solutions to knowledge generation and management in organizations, and to provide some conceptual 'tools' to undertake an effective research activity into the area of knowledge phenomena.
Existence, organization and functioning of knowledge-intensive firms
The objective of this section is to focus on the existence, organizational structure and functioning of knowledge-intensive firms that foster the necessary creation, application and diffusion of knowledge and expertise, in a process of continuous learning.
A recent approach that helps to shed some light on the reasons of the existence of knowledge-intensive firms, and to some extent of all firms in general, is represented by the knowledge-based theory of the firm (Zander & Kogut, 1995; Kogut & Zander, 1996; Conner & Prahalad, 1996; Grant, 1996 Grant, , 1997 . Even if this literature has been under criticism (Foss, 1996a (Foss, , 1996b , and refers to any kind of firm, it may help explain the emergence of knowledge-intensive firms and the way in which they are managed. Central to the knowledge-based theory of the firm is the argument that increasing turbulence in the external business environment has focused attention on resources and organizational capabilities as the principal source of sustainable competitive advantage and the foundation for strategy formulation (Penrose, 1959; Nelson & Winter, 1982; Wernerfelt, 1984; Prahalad & Hamel, 1990; Stalk et al., 1992; Mahoney & Pandian, 1992; Peteraf, 1993; Teece & Pisano, 1994; Long & Vickers-Koch, 1995) . As the markets for resources have become subject to the same dynamically-competitive conditions that have afflicted product markets, so it is claimed that knowledge has emerged as the most strategically-significant resource of the firm (Teece, 1988; Vicari, 1991; Drucker, 1993) . This perspective suggests the idea that the primary role of firms, and the essence of organizational capability, is the generation, integration and utilisation of knowledge (Nelson & Winter, 1982; Nonaka, 1994; Grant, 1996; Kogut & Zander, 1996; Nonaka et al. 2000) . (Zander & Kogut, 1995: pp. 76-77) .
More specifically, firms primarily access and integrate the tacit knowledge of organizational members. Therefore, according to this view, the management of knowledge-intensive firms is directed to fostering generation, integration and utilisation of knowledge (Grant, 1996 (b) ).
According to Brown & Duguid (1991) , to understand the knowledge generation process within the organizational context, it is necessary to analyse the relationships between three relevant processes: working, learning and innovating.
They are closely related forms of human activity that are conventionally thought to conflict with each other: work practice is generally viewed as conservative and resistant to change; learning is generally viewed as distinct from working and problematic in the face of change; and innovation is generally viewed as the disruptive but necessary imposition of change on the other two. In contrast with these traditional views, Brown & Duguid (1991) suggest that by reassessing work, learning, and innovating in the context of actual practices, the connections between the three become evident. In their argument, practice is central to understanding work, and abstractions detached from practice distort or obscure intricacies of that practice. Without a clear analysis of those intricacies and the role they play, the practice itself cannot be well understood, engendered (through training), or enhanced (through innovation). Working refers to the modus operandi more than the opus operatum -that is, the way a task, as it unfolds over time, looks to someone at work on it, while many of the options and dilemmas remain unresolved, as opposed to the way it looks with hindsight as a finished task. Learning is not viewed as the transmission of explicit, abstract knowledge but as a social construct putting knowledge back into the contexts in which it has meaning. Finally, innovating is a result of change when both newcomers replace old timers and as the demands of practice force the agents to revise their relationship with the environment. From this practice-based standpoint, learning is viewed as the bridge between working and innovating, and the strict interlinks between these three processes are considered the main source of knowledge generation.
Yet, to foster working, learning and innovating and to create effective locations that favour knowledge integration between the members of the organisation, knowledge-intensive firms need to re-configure their organizational structure and functioning.
Following the traditional research into the organizational structure of firms (Woodward, 1958 , Chandler, 1962 , Thompson 1967 Lawrence & Lorsch, 1967) , the contribution of Burns & Stalker (1961) on the management of innovation might help understand the organizational structure and characteristics of knowledge-intensive firms. The reason is that knowledge-intensive firms base their competitive advantage on the knowledge they possess and generate overtime, and therefore on their capability to innovate. To this end the contribution of Burns and Stalker is relevant because it describes the characteristics of successful innovative firms. According to them, firms facing a high level of environmental dynamism require an organic organizational system characterised by: 1) a dynamic view of tasks and orientation of the different organizational units' functions to global effectiveness, by using a professional perspective; 2) scarce formalisation of organizational variables and diffused responsibility; 3) a hierarchy as a repository of competencies and information, more than a means of formal authority; 4) intense horizontal relationships and a participating style of direction; 5) ethical professional norms and rational and development values; 6) finally, status, defined by professional authoritativeness and contributions provided. In brief, on the basis of this contribution, it seems that knowledge-intensive firms are managed mainly informally with a low or no use of structural and formal mechanisms. Yet, methodologically, the assumption made here is that the environment and the organizational structure can be considered as precise and well defined phenomena, which can be treated unambiguously, quantified and correlated with each other in isolation (Grandori, 1987) . As a result, the findings presented by this stream of research are tentative and do not permit to comprehend deeply the complexity of knowledge-intensive firms.
An attempt to overcome these problems has been made by some other authors, who have tried to present different types of organisations by describing the correlation between different variables contemporarily. This approach is advocated, for example, by Mintzberg ( , 1983 Mintzberg ( , 1989 , who has tried to classify organizations by combining their basic attributes. According to this author, firms can assume one of the following configurations: a) simple structure, based on direct supervision; b) machine bureaucracy, based on standardisation of work processes; c) professional bureaucracy, based on standardisation of skills; d) divisionalised form, based on standardisation of outputs; and e) adhocracy, based on mutual adjustment. In particular, by following the lines of reasoning of Mintzberg's contribution, the literature on the topic has always described knowledge-intensive firms as an adhocracy. This latter organizational configuration is characterised by a highly organic structures, with little formalisation of behaviour; a high horizontal job specialisation based on formal training; a tendency to group specialists in functional units for housekeeping purposes but to deploy them in small market-based project teams to do their work; a reliance on the liaison devices to encourage mutual adjustment -the key co-ordinating mechanism -within and between these teams; and selective decentralisation to and within these teams, which are located at various places in the organization and involve various mixtures of line managers and staff and operating experts ( Mintzberg, 1979: p. 432 ). The literature argues that the adhocracy is the effective organizational configuration for knowledge-intensive firms because these firms need to innovate continuously by breaking away from established patterns and therefore cannot rely on any form of standardization for co-ordination. Mintzberg's contribution is certainly useful when trying to understand some basic characteristics of knowledge-intensive firms and the interaction of their different variables (contingency factors, main design parameters and co-ordinating mechanisms). Nevertheless, some caution is necessary in equating knowledge-intensive firms with adhocracies. The organizational configurations are probably as varied as the types of firm included in the knowledge-intensive firm category.
A concept that is similar to the small market-based project teams structure described and considered key by Mintzberg has been also suggested by the authors of the knowledge-based theory of the firm, who propose a team-based structure for knowledge-intensive firms where team membership is fluid depending upon the knowledge requirements of the task to perform. The essence of a team-based organization is the recognition that both integration is best achieved through the direct involvement of individual specialists because official co-ordinators ('managers') cannot effectively co-ordinate if they cannot access the range of specialist knowledge that a task requires. At the same time the individuals' ability to integrate is constrained by cognitive limits: it is not possible for each individual to try to learn the knowledge possessed by other specialists. Therefore, integration takes place within team-organized processes (Grant, 1996: p. 377; Grant, 1997: p. 453 According to this theory, knowledge integration is favoured by organization's communities, at all levels, who are in contact with the environment and involved in interpretive sense making, congruence finding and adapting. It is from any site of such interactions that new insights can be co-produced. If an organizational core overlooks or curtails the enacting in its midst by ignoring or disrupting its communities-of-practice, it threatens its own survival in two ways. It will not only threaten to destroy the very working and learning practices by which it, knowingly or unknowingly, survives, but it will also cut itself off from a major source of potential innovation that inevitably arises in the course of that working and learning. Every organisation is made up of various communities of practice that are committed to the same practice and where learning is not the result of conscious design or recognizable rationality and cognitive frames, it emerges from new meanings and emergent structures arising out of common enterprise, 2 Yet, even within team-based structures, hierarchy is still necessary in order to link different sub-systems (e.g. the various team projects) together. The principles of hierarchical design are fundamental to 'modular' design in organizational structures. Critical to the design of modular structures is the separation of the total system into a number of modular sub-systems and then to design and standardize the interfaces between these sub-systems. A key distinction here is between the 'component knowledge' required by the sub-systems and the 'architectural knowledge' required for the linking of the various sub-systems (Grant, 1997: p. 453 ). Therefore, we can imagine knowledge-intensive firms' structure as a mixture of hierarchical elements to define the general architecture of the firm and project teams as locations of operating activities. experience and sociability (learning by doing) (Ancori et al., 2000) . According to Wenger (1998) these communities can be defined with reference to three different dimensions: the first is mutual engagement among participants, involving doing things together, mutual relationships and community maintenance; the second is joint enterprise, involving the negotiation of diversity among members, the formation of a local code of practice and a regime of mutual accountability; the third dimension is a shared repertoire that draws on stories, artefacts, discourses and historical events, reflecting a common history but still leaving space for ambiguity and new representations. Thus a community of practice -drawing on the subconscious, interaction, participation and reified knowledge to act, interpret, innovate and communicate -acts as ' a locally negotiated regime of competence' (p. 137), as 'shared histories of learning ' (p. 86 ). This concept of community is mainly based on the socialisation of knowledge, emerging from routines and repeated interactions, more than embedded in rules or in an organizational design. It includes 'agents who work on a mutually recognised subset of knowledge issues, and who at the very least accept some commonly understood procedural authority as essential to the success of their collective building activities' (Cowan et al., 1999) . Two points are worth mentioning here: first of all, social construction of knowledge relies on not only how existing knowledge is shared, but also the processes through which the knowledge is obtained. The analysis of the way in which knowledge is used, exchanged and managed is a way to include this dimension; second, the community is more than simply a coordination mechanism, because it incorporates learning infrastructures. These latter are embedded in the routines and daily practices of members and characterise all the communities belonging to a specific organisation.
Similar arguments have been also proposed by Boland & Tenkasi (1995) who suggest that knowledge-intensive firms are characterised by a process of distributed cognition in which multiple communities of specialised knowledge workers ( communities of knowing), each dealing with a part of an overall organizational problem, interact to create the patterns of sense-making and behaviour displayed by the organization as a whole. This distributed cognition is necessary because the critically important processes and the diversity of environments and technologies to be dealt with are too varied and complex for an individual to understand in its entirety. This is particularly true in knowledgeintensive firms because they rely on multiple specialties and knowledge disciplines to achieve their objectives.
In brief, knowledge-intensive firms can be considered as social communities composed of communities of practice (or epistemic communities) where working, learning and innovation activities mainly take place. Unlike the documentation, which concentrates on what to do, story telling emphasises the why of events helping to develop causal map out of experience to replace the impoverished directives provided by documentation. This does not mean that documentation and, in general, firms' directives are irrelevant, but that these are not certainly sufficient when uncertain and unknown events occur.
Second, stories act as repositories of accumulated knowledge. Collaboration shows that individual learning and collective learning are inseparable activities in 3 The community represents the elementary unit to understand the process of transformation and transmission of knowledge from the individual to the organisation (and reciprocally). This is the level where the processes of knowledge conversion are activated and where the translation of local codes to organisational language (and reciprocally) is made (Ancori et al., 2000) . a way that knowledge accumulated is not a private good but socially constructed and diffused. In order to solve specific problems, members of communities work together and discuss in order to exchange stories, develop insights and construct new alternatives. Social construction refers to the generation of a shared understanding of the conflicting and confusing data available and to the development of an identity for the various communities.
All these three activities contribute to the process of learning within the communities. Therefore, if learning takes place in practice and cannot be separated from it, individuals do not learn by receiving an abstract, "objective" and individual knowledge but they learn to function in a community by acquiring that particular community's viewpoint and language. Individuals do not acquire explicit, formal, "expert" knowledge but a capability to behave in a specific epistemic community. As a result, learning can be fostered by guaranteeing access to and membership in specific and different epistemic communities. In & Tenkasi, 1995) . In addition, knowledge creation can be achieved by dividing problems into parts, represented either by competing possible advances or by components that can be combined into an articulated whole. In both cases, the ability to share preliminary results and conjectures and to discover the rate at which individual groups are progressing has important consequences on the productivity of the collective effort (Steinmueller, 2000) .
• Collective sense making provision. Shared communication will homogenize the way individual and collective knowledge are extracted and used (Ancori et al., 2000) . priori external reality which is true at all times and in all places and which is the highest grade of knowledge. Such knowledge does not need to be justified by any sensory experience. Thus, words point at things, meanings are not problematic, and deductive logic is the most effective way of analysing reality. Knowledge can be achieved by using mental constructs such as concepts, laws and theories and supposes a distinction between the knower and the known. In addition, knowledge formation can be described as a linear process of transformation: data are turned into information, information into knowledge, and finally knowledge is confronted with 'wisdom' (or 'meta-knowledge' that encompasses beliefs and judgements). This perspective focuses on the role of information-processing as a key step in the formation of knowledge. It assumes that a linear process is involved in increasing the complexity of the search for knowledge, and the first step is transforming 'data' into structured pieces of information that are then addressed to the search for knowledge. Each piece of information carries a 'quantum of novelty' that helps increase the stock of knowledge and the combinatorial complexity of this knowledge stock. As a consequence, information can be measured quantitatively and knowledge is the result of codification and classification of information. Therefore, the quality and accuracy of knowledge formation depends strictly on the way information is treated (Ancori et al., 2000) . See figure 1. In this perspective the various components of knowledge formation are considered differently: Firstly, 'data' can be distinguished in terms of 'stimulus' in the case of an emission of data from nature, and 'message' in the case of an emission of data from a human emitter. The main difference between the two kinds of 'data' is that while stimuli are not being organised a priori but are interpreted and classified ex post by the cognitive agent, messages are organised a priori by a cognitive building such as language, categorisation or classification, even if they also need further interpretation by the cognitive agent. Secondly, 'knowledge and representation' result form a specific structuring of stimuli and messages depending on the cognitive model of the agent. Knowledge and representation are distinguished here to emphasise the separation between shortterm and long-term memories. Both derive from the cognitive structurings of the agent, but while representation is contextual and temporary and has to do with the mental attitudes in a given context, knowledge corresponds to a more longterm 'sedimentation'. Thirdly, the cognitive framework of the agent corresponds to his/her wisdom that includes beliefs, judgements, and values. These are metacategories which determine the nature of the rules and the direction of the learning processes to be followed by the agent. Finally, the relationship between the different elements of the system shows the processes intervening in the dynamics of the systems: classification/categorization, interpretation, application of rules and heuristics, learning processes and so on, that are instrumental in the interaction between experience and practice on the one side and beliefs and judgements on the other (Ancori et al., 2000) .
For the key assumptions of the characteristics of the two models of communication and corresponding modes cognition, and the characteristics of knowledge see table 1.
Table 1
To sum up briefly, knowledge-intensive firms are composed of various epistemic communities and produce new knowledge by developing strong perspectives (perspective making) within the communities, and by taking into consideration the perspectives of other communities ( perspective taking). The exchange of perspectives between these communities requires adequate models of communication and cognition. At first glance, communication and cognition seem to regard only the selection from a predefined set of messages and to refer mainly to the exchange of information. Yet the same processes can be seen in terms of questioning and changing perspective. This is because language and practises are evolving continuously, and communication and cognition cannot be separated from the shifting context in which they take place. There is not a predefined set of messages but these emerge from the evolving form the community is assuming.
In this framework some specific issues arise such as the need for building common languages, common classification and categorization of messages, and for sharing and building some common knowledge and some collective learning processes (Ancori et al., 2000) . To conclude, both models of communication and cognition presented here contribute to understanding the interaction within and between the various epistemic communities of knowledge-intensive firms.
The operating mechanisms for knowledge flowing in knowledge-intensive firms
After reaching the conclusion that knowledge integration is essential for change and innovation both within the single epistemic community, and across the different communities, the following point to address is related to the operating mechanisms that serve to achieve this objective. We propose a fine-grained description and comparison between a variety of coordination mechanisms used in different knowledge contexts in order to explain and predict satisfactorily the organisation of knowledge processes within knowledge-intensive firms. Yet, before analysing these mechanisms, it is necessary to stress that one of the core variables that has always been considered relevant to understand the means by which knowledge is integrated within the firm is represented by the level of knowledge tacitness. This idea has been expressed by many authors, even if with some different nuances and terminology. Nonaka & Takeuchi (1995) , for example, highlighted that the formation of knowledge is a function of different modes of knowledge conversion, depending on the ways in which explicit and tacit knowledge are combined. On the other hand, Boisot (1998) took the distinction between tacit and explicit knowledge as a starting point to analyse the processes of codification and abstraction as means to reduce the data-processing load imposed on an agent, whether individual or organizational, and facilitate communication (in his words diffusion). Ancori et al. (2000) suggested that tacit and explicit knowledge are two complementary forms of knowledge that are combined and composed over time in different ways depending on both the context and the level of attention of the individual who determines which zones of knowledge belong to his/her focal awareness and which to the subsidiary awareness. In general terms, explicit knowledge is that knowledge that is transmittable in formal, systematic language; tacit knowledge has a personal identity and is hard to formalize and communicate ( Polanyi, 1962) . These different characteristics make their management diversified and supported by different operating mechanisms.
This distinction can be fruitfully applied to the study of operating mechanisms supporting knowledge integration within knowledge-intensive firms. Knowledge integration can be achieved by means of three different mechanisms (Ancori et al., 2000) :
Direct interaction: in some situations some pieces of knowledge remain tacit because they are part of a wider knowledge structure (as is the case of the knowledge held by an expert). The reason for keeping this knowledge tacit is that, even if it were possible to formalise and transmit part of it, thanks to the existence of codes of communication, in practice most of the knowledge about how to manage it would remain tacit. Only experience would suggest which knowledge has to be mobilized and which has to be left in the background in order to act or to learn properly. This happens when knowledge is part of a complex structure and remains sticky (von Hippel, 1993; Grandori, 1997; Cowan et al., 2000) . In this case knowledge is characterised by cognitional complexity, that is to say neither inputs nor outputs of knowledge processes can be observed (at a reasonable cost and in a reasonable time). The processes are either new for the agents involved or entail innovative problem solving and are characterized by many possible 'serendipities' and unexpected outcomes. This implies the discovery of cause-effect relations and relevant goals, and the transformation in explicit knowledge is expected to fail (Grandori, 1997; Perrow, 1967; Burns & Stalker, 1961) ). Therefore, such form of knowledge is communicated between the members of a community (if these members have the time, the occasions for socialization, and the broader institutional incentives to perceive the game as basically integrative) (Grandori, 1997; Ouchi, 1980; Ouchi & Bolton, 1988 ) by means of common history, shared experiences and collective social and organizational frames. Its possession determines who does belong to the community and who does not and is a function of the historical process of tacit knowledge creation. Direct interaction in this case means that managing tacit knowledge refers to moving agents and intensifying interactions between them more than transforming the nature of knowledge itself (Ancori et al., 2000) Coordination: what matters here is the degree of diversity of tacit knowledge (Cohen & Levinthal, 1990; Iansiti & Clark, 1994) . The more knowledge is differentiated among agents, the more it fosters interactions and triggers mechanisms for knowledge creation, due to the multiplicity of ways the problems are perceived and dealt with. Integration is not achieved by the transmission of tacit knowledge (and by its formalisation) but by its coordination aimed to pursue a common objective. In other words, in a context of diversified knowledge, the 'constraint' of tacit knowledge can be solved by means of coordination mechanisms more than codification processes. Coordination can be achieved by either organizational routines (Grant, 1996) or administrative controls . The first can be defined as " […] relatively complex patterns of behavior […] triggered by a small number of initiating signals or choices and functioning as recognizable unit in a relatively automatic fashion" (Winter, 1987: p. 165 ).
Knowledge-intensive firms learn by creating routines (Nelson and Winter, 1982) .
Routines represent the guidelines that have provided knowledge integrating solutions to past problem solving. They make up the historical memory of the firm: they 'remember' how conflicts were solved between the firm's parts and provide the same solutions again; they 'remember' the reactions to past problems and retain the solutions that worked; they make the firm's individual behaviour predictable, contributing to reducing the level of general uncertainty ( Di Bernardo and Rullani, 1990: p. 50 ). The second include both formal rules and standard procedures, and plans, budgets and reporting systems to regulate interactions between managers and employees of different individuals and communities of the same organization (Hopwood, 1976; Amigoni, 1979) .
Codification: another way of achieving integration is through pure knowledge codification, which requires adapted codes and media (Boisot, 1998; Nonaka et al., 2000; Ancori et al., 2000; Cowan et al., 2000; Cohendet et al., 2000; Malerba & Orsenigo, 2000) . Codification can be defined as the process that "creates perceptual and conceptual categories that facilitate the classification of phenomena" and "the act of assigning phenomena to categories once these have been created" (Boisot, 1998) . Codification is a useful integrating mechanism when different pieces of knowledge need to be complementarily integrated (Cowan et al., 2000) , and when knowledge is characterised by computational complexity, arising from the high number of actors and activities, and their interconnections (Grandori, 1997; Simon, 1962) . This argument is supported by the classic organization theory, which has shown that an increase in computational complexity can be managed by extending the use of formal information processing tools (Simon, 1962; Galbraith, 1974; 1977) . Two problems arise in this respect: on the one hand, cost and control of creation, diffusion and storage of codes, languages and models make this process difficult.
On the other hand, the same codes, languages and models strongly influence the individual potentiality for knowledge creation, because they act as inertial forces in the generation of new knowledge if they do not leave enough freedom and ambiguity in interpretation (Ancori et al., 2000) . In a context of change, the accumulation of successive generation of codes can prevent the development of radically new knowledge, which would require entirely new codes and languages. As proposed by Arrow (1974, p. 56) phenomena that were present in the circumstances where specific codes and languages were developed, becoming a source of path-dependence (Cowan et al., 2000) .
Codification increases communication and transaction efficiency, as argued before, but it is not a suitable process for knowledge circulation in any circumstance. The situations in which it represents an effective and efficient mechanism for knowledge integration is related to specific determinants, which have been categorized by Cowan et al. (2000) as follows:
Labour market for knowledge: the extent to which both 'new' and 'old' knowledge is codified in a specific situation depends on the structure of the corresponding costs and benefits. The high cost of codifying a certain type of knowledge (because it is difficult to transform it in code) can decrease the incentive to go further by lowering the marginal rate of return on codification investments. In the same way, a low rate of return may also occur when a large community of agents with tacit knowledge exists. This is due to the presence of a relevant labour market of agents possessing a specific tacit knowledge either within or outside the firm as a medium through which knowledge can be accessed further, therefore decreasing incentives to codify. On the contrary, if the labour market shrank, the relative value of codification would increase. Thus there are two points of equilibrium: on the one hand, significant resources devoted to codification and a resulting high incentive to codify; on the other hand, few resources devoted to this task and a thick active market for skilled agents as a mechanism for storing and diffusing knowledge; thus a resulting low incentive to codify.
Languages, models and codes of codification: the incentives to codify will depend also on the existence of pre-existing languages, models and codes. When they exist, the fixed costs related to generating new standard languages, models and codes, have already been sunk: some existing body of well-developed, stable, codified knowledge contains the necessary concepts and relations for the codification of new knowledge, and the only cost to bear is variable. On the other hand, if languages, models and codes do not exist, or are incomplete or ambiguous, costs of codification would be both variable and fixed and this would reduce incentives to codify.
Contexts of codification: codification will have different effects according to
whether the context is stable or not. This will affect also the existence of stabilized languages, models and codes of codification due to the fact that in an ongoing shifting environment the language is difficult to standardise and stabilize because the codes that represent codified knowledge modify their meanings as the language is developed and refined and the vocabulary expands and changes.
In a stable environment the efficiency deriving from codification will be higher in large systems that must coordinate the complementary activities of many agents (Grandori, 1997) . Such situations include: (i) systems involving many agents and many locations; (ii) systems strongly based on recombination and reuse, and which take advantage of the cumulativeness of existing knowledge (rather than on independent innovation); (iii) systems that require recourse to detailed memory; (iv) systems that need particular kinds of description of what (and how) the agents do; and (v) systems characterized by an intensive usage of information technologies.
In a changing environment exhibiting a relentless rapid transformation, codification will intervene in the competition between different basic models and corresponding basic tenets and vocabulary of the language. The community of potential knowledge generators and users will have difficulty communicating, and the value of codification will derive both from the informative content of the messages that the agents transmit and interpret with less effort and expense, and from the value to the agent of storage and retrieval of her/his own knowledge. In addition it has a greater value as a contributor to the resolution of the competition among variant languages and models.
The relevance of codification has certainly grown over the last few years due to the advancements in information technologies (internet-related technologies, advanced simulation and modelling techniques), which contribute to the creation of individual and organizational memory, the reproduction of successful practices between the various communities of an organization, and knowledge exploration and discovery. This tendency is therefore challenging the idea that tacit knowledge has a primal importance as a determinant of organizational behaviour (Steinmueller, 2000) . Yet, in order to make knowledge transmission effective and achieve innovation it is necessary that the information technology utilised as a means for codification incorporates also a language games model of communication and a narrative mode of cognition (Boland & Tenkasi, 1995) .
It is worth noting here that while direct interaction is an integrating mechanism that is effective mainly within the same epistemic community, coordination and codification assumes a relevant role also in the transmission and diffusion of knowledge between different epistemic communities. Only by composing the right mix of these mechanisms according to knowledge characteristics is the firm able to foster an effective flowing of knowledge within and between the various communities of knowing, and the lack of both awareness of their role, and consistency between them, can prevent the natural processes of knowledge creation and innovation typical of knowledge-intensive firms. Instead, they need to combine elements of both models of communication and cognition in accordance with the different characteristics of the pieces of knowledge they contribute to integrating. So direct interaction may simply result in an exchange of information between individuals or imply also a language game process when dealing with unusual and unexpected events. In addition, coordination can be achieved through a fixed number of messages expressed in a uniform language, or imply a combination of different languages that incorporate different perspectives on a specific problem. Consider, for example, the initiatives undertaken by firms with reference to performance measurement systems. These systems were mainly based on financial information in the past, and are now evolving towards a balance between different views and perspectives, and a more articulated set of indicators. Total quality, productivity, customer satisfaction, and innovation have integrated the traditional financial measures of performance used by organizations (Eccles, 1991; Maskell, 1991; Kaplan & Norton, 1992; Zenger & Hesterly, 1997) . Finally, codification can be achieved by means of a predefined set of codes or try to develop new codes and languages deriving from new and original action.
To conclude, t is the combination of the above mechanisms and the incorporation of the various models of communication and cognition that make knowledge integration effective and functional to the long term survival of the knowledgeintensive firm. Knowledge-intensive (von Hippel, 1993; Grandori, 1997; Cowan et al., 2000) , it is communicated between the members of a community by means of common history, shared experiences and collective social and organizational frames. On the other hand, if the degree of diversity of knowledge (Cohen & Levinthal, 1990 ) is high, integration is not achieved by the knowledge transmission but by either organizational routines or administrative controls. Finally, in large systems that must coordinate the complementary knowledge of many agents, communication is achieved through knowledge codification. This process is certainly becoming increasingly important due to the advancements of information technologies.
Epilogue and agenda for future research
The above developments suggest that knowledge-intensive firms are primarily involved in the management of their knowledge. Yet, this does not mean that they neglect the relevance of managing transactions. It is our contention here, as Amin & Cohendet (1999) and Conner & Prahalad (1996) , that firms manage knowledge and transactions at the same time. Firstly, they select their knowledge domain, the governance of which is the result of knowledge coordination.
Secondly, after selecting the knowledge domain and the direction they want to undertake to create and sustain a competitive advantage, they organize their transactions in order to adapt to the specific needs of the environment. This signifies that the organization of the firm requires a dual structure of governance: one dedicated to knowledge and one devoted to manage transactions. In this respect, administrative mechanisms can play an important role because, on the one hand, they have always been recognised as means for coordinating transactions; on the other, they contribute to integrating complementary and diversified knowledge of agents operating in different epistemic communities.
They codify a specific language and frame for interpreting reality. The advancements in the content and articulation of administrative mechanisms have transformed them from simple message-sending and message-receiving channels to more complex communication languages that emphasize the symbolic or interpretive character of messages.
To conclude, the enrichment of approaches used here to study knowledgeintensive firms should open some promising avenues of research aiming to both better understand complementary perspectives and mechanisms involved in the functioning of the firm and grasp the roots of new knowledge phenomena. The increasing attention devoted by practitioners and academics to knowledge reinforces this interest and also stresses the considerable gap in our comprehension. In this concluding paragraph, we endeavour to sketch out what we consider as some of the more important areas deserving future research:
1. How can a dual structure of governance (for knowledge and transactions) be designed to achieve consistency between control and innovation at the same time? What characteristics should administrative mechanisms have to support management control without generating organizational inertia and rigid path-dependence? What are the relationships between formal and cultural-ideological modes of control? 2. How can this dual structure of governance be designed to safeguard the permanence and the success of 'mixed mode' structures, which blend components of markets and hierarchies (Zenger and Hesterly, 1997) ?
How can these systems prevent the disaggregating forces of hybrid forms?
3. How can electronic information systems be designed to provide the adequate knowledge to create innovative products and services in knowledge-intensive firms? ◊ Knowledge as well as methods for realising knowledge are objective only to the extent they are ratified as objective by a specific community's interpretive conventions. ◊ Language can be a medium for representing objective knowledge and words have fixed meaning.
◊ Words can have consensus of meaning only within a specific community of knowing. However, even within a unique community, the meaning of words change and are never fixed in time or space. ◊ Human beings can achieve universally of understanding since fixed meanings of words can be communicated objectively form one person to another.
◊ Language is not a medium for representing our thoughts and objective underlying knowledge. The limits of our language are the limits of our knowledge since we can explain the world only through language and narrative forms. ◊ Realisation of objective knowledge is a rational process. Knowledge evolves and progresses through the systematic application of logic and principles of the scientific method.
◊ Knowledge evolves by inventing new language and narrative forms. Renarrativizing the familiar or coming up with narratives that explain the unfamiliar is the primary activity by which new knowledge comes about.
